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ABSTRACT 
This thesis work was done to Teollisuuden Voima Oyj. Purpose was to study the ef-
fects of certain additives on the flow properties of the ion exchange resin. Purpose 
was to improve the flow properties of the bulk and the dried bulk. Spent ion ex-
change resin has caused problems by forming blockages in pipelines, when pumped 
into the waste treatment unit. The other purpose of this thesis was to get the dried 
bulk's characteristics so that the amount of bitumen could be decreased. Bitumen is 
used, when dried ion exchange resin and inert are prepared for the final disposal. 
 
In the theory section of this thesis, soluble and insoluble impurities of boiling water 
reactor were discussed. Also condensate purification and ion exchange were intro-
duced. Rheology was studied to explain the particle flow and viscosity. The process-
es that are related to the subject were surveyed.  
 
Thesis was implemented in TVO's water chemistry laboratory. The main analysis 
was carried out with a viscosity instrument, Viscometer DV-E. The bulk was done 
from fresh unused ion exchange resin and inert material. Also drying test and en-
richment test were implemented at the TVO's laboratory. Radioactive material was 
avoided and real process materials were left untouched. Certain additives, those 
which already had a permission to be added into the final disposal, were analyzed 
with Viscometer. 
 
Pilot tests were conducted at Satakunta University of Applied Sciences process la-
boratory. Centrifugal pump test, hose pump test, and funnel test were done to test the 
flow properties of the bulk.  
 
Results from the laboratory tests showed improvements in viscosity behavior by us-
ing one additive. Drying tests did not reveal any significant improvements. Flow 
tests at the process laboratory were carried out with the additive, which were noticed 
to improve the viscosity of the bulk. However, any improvements were not observed. 
One possible reason for the blockages was noticed; when starting to pump the bulk 
out of the tank, where it was left to settle for a while, the bulk formed dryer thick 
layer on the walls. After while this layer collapsed and block the pipe. 
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TIIVISTELMÄ 
Tämä opinnäytetyö tehtiin Teollisuuden Voima Oyj:lle. Sen tarkoituksena oli tutkia 
tiettyjen polymeerien vaikutusta käytetyn ioninvaihtohartsin ominaisuuksiin. Tietty-
jen apuaineiden toivottiin parantavan hartsin virtausominaisuuksia ja samalla kuiva-
tun hartsin muita ominaisuuksia. Käytetty ioninvaihtohartsi aiheutti ongelmia muo-
dostaen tukoksia putkistoihin, joissa massa siirretään jätteen käsittelylaitokselle. 
Kuivatun massan ongelmana oli liian suuri bitumin kulutus. Bitumia sekoitetaan 
hartsin ja inertin joukkoon valmistettaessa massa loppusijoitukseen.  
 
Työn teoriaosassa tutustuttiin kiehutusvesi laitoksen liuenneisiin ja liukenemattomiin 
epäpuhtauksiin sekä lauhteen puhdistukseen ja ioninvaihtoon. Reologiaa käsittele-
vässä osassa tutkittiin viskositeettia ja partikkelien käyttäytymistä nesteessä. Aihee-
seen liittyviä prosesseja tarkasteltiin myös työtä varten. 
 
Opinnäytetyö tehtiin TVO:n vesikemian laboratoriossa. Pääanalyysina oli visko-
siteettimittaus, joka suoritettiin Viscometer DV-E laitteella. Kuivauskoe ja massan 
rikastus toteutettiin myös vesikemian laboratoriossa. Massa valmistettiin puhtaista 
käyttämättömistä hartseista ja inertistä. Aktiivisia tuotteita haluttiin kokeissa välttää. 
Apuaineet, jotka olivat jo valmiiksi käytössä TVO:n prosesseissa ja joilla oli jo lupa 
loppusijoitukseen, testattiin ensin viskositeettimittarilla. 
 
Pilottitestit tehtiin Satakunnan ammattikorkeakoulun prosessilaboratoriossa. Keski-
pakopumppu-, letkupumppu- ja suppilotestit suoritettiin virtausominaisuuksia tutkit-
taessa.  
 
Laboratoriokokeiden tulokset näyttivät viskositeetin parannusta yhden apuaineen 
kohdalla. Kuivauskokeissa ei löytynyt mitään huomattavia muutoksia. Virtausko-
keissa käytettiin tätä samaa apuainetta, joka antoi laboratoriossa hyvän tuloksen. Se 
ei kuitenkaan tuonut toivottua tulosta pilottikokeissa. Mahdollinen teoria tukkeumien 
aiheuttajasta kuitenkin löytyi. Kun seissyttä massaa alettiin pumpata ulos säiliöstä, 
niin säiliön reunoille jäi paksu kerros kuivempaa massaa. Seinämä sortui myöhem-
min tukkien pohjalla olevan putken. 
 CONTENT 
1 INTRODUCTION ........................................................................................................ 7 
2 POWER PLANTS IN OLKILUOTO ........................................................................... 8 
2.1 Teollisuuden Voima Oyj ....................................................................................... 8 
2.2 Power Plants ......................................................................................................... 9 
2.2.1 Boiling Water Reactor .................................................................................... 9 
2.2.2 Uranium and Fission ...................................................................................... 9 
2.3 Predisposal Management of Low and Intermediate Level Nuclear Waste and 
Final Disposal ........................................................................................................ 10 
2.3.1 Environmental Aspects of Nuclear Waste ................................................... 12 
3 THEORETICAL BASIS ............................................................................................ 14 
3.1 Soluble and Insoluble Impurities ........................................................................ 14 
3.2 Condensate Purification ...................................................................................... 14 
3.3 Ion Exchange ...................................................................................................... 17 
3.3.1 Powdered Ion Exchange Resin ..................................................................... 19 
3.3.2 Inert Material ................................................................................................ 20 
3.4 Rheology20 .............................................................................................................  
3.4.1 Viscosity ....................................................................................................... 21 
3.4.2 Particle Flow in Fluid ................................................................................... 21 
4 OBJECTIVES OF THESIS ........................................................................................ 22 
4.1 Objectives of This Thesis ................................................................................... 22 
5 PROCESS DESCRIPTION ........................................................................................ 23 
5.1 Feed Water .......................................................................................................... 23 
5.2 Condensate Cleanup System, 332 ....................................................................... 24 
5.3 Demineralized Water, 733-water ........................................................................ 24 
5.4 Backwash and Precoating of Filters, 332C1-7 .................................................... 25 
5.5 System 342 .......................................................................................................... 29 
5.5.1 Flocculation, Sedimentation and Decantation in 342 T41 (T42) ................. 30 
5.6 System 343 .......................................................................................................... 31 
5.6.1 Drying 32..........................................................................................................  
5.6.2 Immobilization into Bitumen ....................................................................... 33 
5.6.3 Filling Device, Transporting system, and Storage ....................................... 33 
6 IMPLEMENTATION OF THE THESIS ................................................................... 34 
6.1 Laboratory Tests ................................................................................................. 34 
6.1.1 Brookfield Digital Viscometer MODEL DV-E ........................................... 34 
6.1.2 Preparation of Pure Bulk .............................................................................. 35 
6.1.3 Viscosity Tests of Bulk and Additives ......................................................... 36 
 6.1.4 Additive A .................................................................................................... 37 
6.1.5 Additive B .................................................................................................... 38 
6.1.6 Additive C .................................................................................................... 38 
6.1.7 Drying Test ................................................................................................... 39 
6.1.8 Small Scale Filtering and Enrichment Test .................................................. 39 
6.2 Pilot tests at SAMK's Process Laboratory .......................................................... 42 
6.2.1 Flow Test with Centrifugal Pump ................................................................ 42 
6.2.2 Flow Test with Hose Pump .......................................................................... 43 
6.2.3 Funnel Test ................................................................................................... 44 
7 RESULTS AND DATA-ANALYSIS ........................................................................ 45 
7.1 Laboratory Tests ................................................................................................. 45 
7.1.1 Viscosity Test ............................................................................................... 45 
7.1.2 Additive A .................................................................................................... 46 
7.1.3 Additive B .................................................................................................... 47 
7.1.4 Additive C .................................................................................................... 48 
7.1.5 Drying test .................................................................................................... 49 
7.1.6 Small Scale Filtering and Enrichment Test .................................................. 51 
7.2 Pilot Tests at SAMK's Process Laboratory ......................................................... 52 
7.2.1 Flow Test with Centrifugal Pump ................................................................ 52 
7.2.2 Flow Test with Hose Pump .......................................................................... 53 
7.2.3 Funnel Test ................................................................................................... 53 
8 CONCLUSION AND DISCUSSION ........................................................................ 55 
8.1 Consideration of the Results ............................................................................... 55 
8.2 Discussion of Implementation in Plant Scale ..................................................... 56 
REFERENCES ................................................................................................................ 57 
 APPENDICES 
APPENDIX 1  
Material Safety Data Sheet of RESIN A (käyttöturvallisuustiedote) 
APPENDIX 2  
Material Safety Data Sheet of INERT A  
APPENDIX 3  
Material Safety Data Sheet of ADDITIVE A (käyttöturvallisuustiedote) 
APPENDIX 4  
Material Safety Data Sheet of ADDITIVE B (käyttöturvallisuustiedote) 
APPENDIX 5  
Material Safety Data Sheet of ADDITIVE C 
APPENDIX 6 
Results of Additive A 
APPENDIX 7 
Results of Additive B 
APPENDIX 8 
Results of Additive C 
APPENDIX 9 
Results of hose pump test with Solution A 
 
7 
1 INTRODUCTION  
This theses work was done for Teollisuuden Voima Oyj. The purpose of this thesis 
was to study the possible means to improve the characteristics of powdered spent ion 
exchange resin waste. Liquid waste of ion exchange resin causes problems as it is 
easily flocculating and blocking the pipes. Study was done to investigate the impact 
of addition of additives into the waste. Also the dried waste characteristics were un-
der study, to see if an additive, same as used with liquid waste would improve them. 
The problem with dried waste appears when it is mixed with bitumen. At this mo-
ment it needs too much bitumen to get the mixture to flow fluently. 
 
Process water is cleaned with ion exchange resin and after use it is contaminated, 
thus its disposal is carried out under regulations. Used ion exchange resin is disposed 
in to the VLJ-repository. Disposal of radioactive waste is strictly regulated and there 
for the substances that can be added there are strictly defined.  
 
Powdered ion exchange resin is used on the surfaces of precoated filter with inert 
material under and on top of it. Thus the used resin waste includes inert, resin, and 
impurities from the process waters. Precoated filters and powdered resin is used in 
nuclear power plants to clean the process water from impurities, both solid particles 
and dissolved ionic compounds. Before disposal ion exchange resin is dried and 
mixed with bitumen and then closed into the metal barrels. Barrels are transformed 
into the VLJ-repository, which is the disposal placement for low- and intermediate 
radioactive waste. 
 
In the study certain additives, which already had permission to be placed in VLJ-
repository, were analyzed to observe the possible changes in the behavior of the liq-
uid waste. After the addition of additive the waste was dried and dry material was 
studied to observe all the changes.  
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2 POWER PLANTS IN OLKILUOTO 
2.1 Teollisuuden Voima Oyj 
TVO is in 1969 established Finnish nuclear power company. In Olkiluoto, Eurajoki 
TVO has two operating power plants, Olkiluoto 1 (OL1) and Olkiluoto 2 (OL2). 
Both of them have net output about 880 MW. Sixth of all electricity used in Finland 
is produced by OL1 and OL2. TVO produces electricity at cost price for its share-
holders, and it is an unlisted public company. [1] 
 
Nuclear power plants in Olkiluoto have been producing electricity for Finland al-
ready for 35 years. OL1 were plugged into the national electrical grid in 1978 and 
OL2 in 1980. During the operational years Olkiluoto 1 and 2 have showed to be 
among the most reliable nuclear plants in the world. Nuclear power is claimed to be 
environmental friendly, and it has been calculated that in Finland the Olkiluoto plant 
units are saving about 12 million tons of carbon dioxide emissions during one year 
when compared to having same amount of electricity produced from coal. [2] 
 
At the moment TVO is constructing a new power plant in Olkiluoto, OL3. [1] Olki-
luoto 4 was already ratified in the Parliament of Finland for Finnish Government's 
favorable Decision-in-Principle in 2010. However, now in 2014, TVO was rejected 
when they applied to extend the period of validity of the existing Decision-in-
Principle. That leaves OL4 without additional time and as it is now, TVO has till 
June 2015 to get the permanent construction permit. [3] 
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2.2 Power Plants 
2.2.1 Boiling Water Reactor 
OL1 and OL2 both are Boiling Water Reactors (BWR), and they produce electricity 
by heat produced by fission. Produced heat is turned into mechanical energy and fur-
ther electricity. [4 /10-11/] In BWR-plant the heat, produced from fission-reaction, 
boils water into steam inside the reactor core. Produced saturated steam flows 
through the steam pipes to the turbines. At the turbines steam pressure is decreased, 
which allows steam to increase its volume up to thousand times. This increased vol-
ume pushes turbine blades and forces it into a rotary movement. A shaft transports 
this mechanical energy to the generator which produces electricity. From the turbine 
steam flows into the condenser and it is cooled down with seawater. Then water is 
reused in the same circulation again. [4 /10-11/]  
2.2.2 Uranium and Fission 
Radioactive uranium is used as fuel in OL1 and OL2 plants. Uranium is a common 
element on earth crust and it is slightly radioactive. The most common type of urani-
um in nature is U-238. Uranium is collected from earth crust mostly by extracting or 
mining. Small amount of it forms from residuals of other minerals. Before usage as 
fuel U-238 is enriched and presses in the form of a tablet. These tablets are collected 
together inside the fuel rods. [4 /7-9/] 
 
In Olkiluoto 1 and 2 the produced energy is based on fission and a controlled chain 
reaction of U-238. As seen in picture 1 a neutron collides with the nucleus of U-238 
and splits it. Collision releases 2 or 3 new neutrons, fission products, and a lot of en-
ergy. Some of the released neutrons continues the chain reaction and produces more 
energy. This way a small amount of uranium fuel produces a huge amount of energy. 
[4 /7-9/] 
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Picture 1 Nuclear reaction [4 /9/]. 
 
Fission products, which are byproducts of the fission reaction, are radioactive as they 
decay into other elements. In decay nuclei emits radiation. Neutrons, which are re-
leased, move about 20 000 km/s, but inside the reactor this speed has been reduced to 
about few thousand meters per second. In OL1 and OL2 this reducing is carried out 
with the water, which is treated so that there are no salts in it. [4 /7-9/] This water is 
demineralized water. 
2.3 Predisposal Management of Low and Intermediate Level Nuclear Waste and 
Final Disposal 
The Finnish law states that all nuclear waste that is produced in nuclear action in Fin-
land has to be handled, stored, and disposed in Finland. The law also gives safety 
regulations for the places, equipment, and methods used in nuclear power plants 
when handling and storing nuclear fuel and the produced nuclear waste. Nuclear 
waste has to be disposed so that it will not pose any threat to the environment. The 
amount of produced nuclear waste must be kept as low as possible. In Finland, laws 
and standards strictly control the safety of nuclear waste management. According to 
the Finnish nuclear act Finnish Radiation and Nuclear Safety (STUK) sets detailed 
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regulations for safety issues. [6 /6 a §, 7 h §, 27 a §/] STUK belongs to the admin-
istration of the Ministry of Social Affairs and Health. [5] 
 
When electricity is produced at a nuclear power plant, nuclear waste is always pro-
duced. Radioactive waste has to be isolated from all living nature for as long as it 
poses a threat to the environment. TVO is aiming at lower levels of emissions than 
what the authorities have regulated. [4 /11-12/]  
 
Waste from uncontrolled area is recycled as in anywhere else, energy-, metal-, glass-, 
and bio waste. Controlled area waste is divided into low-, intermediate level operat-
ing waste, and high level spent fuel. Controlled area differs from the uncontrolled 
area with respect to radioactivity. All waste from the controlled area has to be han-
dled as radioactive waste. Classification is based on the radiation level of the waste. 
VLJ-repository (Picture 2) is the storage for low and intermediate level radioactive 
waste. Waste is either packed into barrels and the barrels are placed inside concrete 
containers, or straight into concrete containers. Containers are moved into the silos, 
which are excavated into the bedrock in the plant area. Bulk from condensate clean 
up systems is intermediate waste and it is disposed in barrels, which are placed in 
concrete containers, as mixture of bitumen and dried bulk into the VLJ-repository. 
There are two silos, MAJ and KAJ, in the repository for operating waste. MAJ-silo is 
for low-level radioactive waste and KAJ-silo is for intermediate waste. Silos can be 
seen in picture 2. [4 /12/], [7 /22-23/], [8]  
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Picture 2 VLJ-repository, MAJ- and KAJ-silos. [Rauma Chamber of Commerce]. 
 
Final disposal is for spent nuclear fuel, which is high level radioactive waste. Spent 
fuel is cooled down in spent nuclear fuel interim storage for about 40 years before 
eventually moved into final disposal. Spent fuel is stored in water in interim storage 
tanks. Radioactive spent fuel must be isolated from the environment as long as its 
activity is decreased to a harmless level. The final disposal location will be con-
structed into the bedrock in Olkiluoto plant area. The spent fuel will be sealed more 
than 400 meters deep underground. [4 /12-13/] 
2.3.1 Environmental Aspects of Nuclear Waste 
Nuclear energy production is strictly regulated in Finland. Environmental issues are 
handled in Environmental Impact Assessment Procedure (EIA), Environmental Per-
mit, and Environmental Programs and Plans. Programs and Plans include among oth-
ers The National Conservation Programs associated with the Conservation of Nature, 
Landscapes, and Cultural Environments. A statutory EIA is a procedure, which clari-
fies all the environmental impacts of the project. The EIA includes the impacts for 
human health, living conditions, and comforts e.g. biodiversity, usage of natural 
sources, infrastructure, and soil, water systems and climate are also clarified. Mean-
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ing for this procedure is to provide information and participation for the citizens, and 
to introduce those environmental impacts that should be considered. EIA does not 
include any decisions and it is implemented before permits, however it gives valua-
ble information for the State Administrative Agency (AVI) in the permit decision. [9]  
 
AVI claims an environmental permit for every action, which potentially can cause 
any danger to the environment. Environmental Permit regulates among other things 
emissions and reducing them. Therefore licensed activity should not pose any harm 
to health or any significant harm to environment or danger for it. [10]  
 
Authority for TVO's Environmental permit is the Southern Finland Regional State 
Administrative Agency, and as a supervising authority Southwest Finland Centre for 
Economic Development, Transport and the Environment. Environmental department 
of the municipality of Eurajoki and Ministry of Employment and the Economy are 
other authorities that take part in TVO's regulatory issues. The latter is responsible 
for the EIA procedure. [11 /14/] 
 
TVO operates by principles of sustainable development and implements it by taking 
the environmental aspects into consideration in all its actions. TVO's objective is to 
further decrease the already low radioactive emissions. Prediction of potential dam-
ages to the environment is essential in order to plan, prepare, and prevent any excep-
tional events. TVO focuses to produce as little as radioactive waste as possible, and 
also aim to reduce the amount of spent nuclear fuel, by optimizing the use of it. [11 
/23/] 
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3 THEORETICAL BASIS 
3.1 Soluble and Insoluble Impurities 
Water purity level in Boiling Water Reactor needs to be high. However some impuri-
ties are accumulated into the water during the operation of the plant. Water gathers 
soluble and insoluble metallic species and also nonmetallic species mostly through 
feed water system. Some of the metallic species originates from slow corrosion of 
the process equipment material, e.g. vessel internals and piping. [14 /2-28/] 
 
In OL1 and OL2 the metallic impurities are cleaned from condensate with precoated 
filters in the cleanup system. Condensate going through the cleanup system is ana-
lyzed by water chemistry laboratory. Condensed water coming into the cleanup sys-
tem and water after every seven filters is analyzed every other week, also the feed 
water is tested once a week. Chrome (Cr), Manganese (Mn), Iron (Fe), Cobalt (Co), 
Nickel (Ni), Copper (Cu), and Zink (Zn) is analyzed with 0,01 µg/l. accuracy.  There 
is ICP-MS Thermo XSeries II in use for analyzing metallic impurities in water chem-
istry laboratory. [12] It is a quadruple inductively coupled plasma mass spectrometer 
[13]. 
3.2 Condensate Purification 
Nuclear plant's feed water needs to be ultra pure, but it cannot be purified before the 
reactor, because of the high enthalpy of the water. Thus the condensate is purified 
right after turbines and cooling. Precoated filters are well-tried purification method 
for process water in the boiling water reactors, because in this method chemicals are 
not added into the water.  
 
Deionization and mechanical filtration method, which is called the Powdex process, 
was developed in the 1960's; the process is shown in picture 3. Powdex process uses 
powdered cation and anion resin. Resins were flocculated and settled slowly in the 
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water. Precoat filters use these flocculates on top of them as mechanical and ionic 
purification layers. The advantages of the precoated filters are high purification of 
particulate impurities and corrosive products. Disadvantages though are high amount 
of radioactive waste and small ionic capacity. [14 /4-1, 4-5,6/] 
 
 
Picture 3 Overview of the Powdex process condensate polishing. [14 /4-5/]. 
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Picture 4 Necessery operational steps for precoating and filtration. [14 /4-5/]. 
 
In picture 4 the main steps of the precoated filter operation are shown. Picture 4 rep-
resents the inlet and outlet of the filter. It shows also how the fluid is moving inside 
the filter, through the precoated rods. Picture 4 shows how the filter is backwashed 
by air surge from opposed direction. [14 /4-1, 4-5,6/] 
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3.3 Ion Exchange 
Basic operation of ion exchangers is to exchange ions with the same sign ions from 
electrolyte solution. For that ion exchangers carry exchangeable anions and cations. 
There are cation- and anion exchangers and mixtures of them. Typical cation ex-
changer is presented in equation (1), and typical anion exchanger is presented in 
equation (2). 
 
2NaX (ads) + CaCl2 (aq) <==> CaX2 (ads) + 2NaCl (aq)   (1) 
 
2XCl (ads) + Na2SO4 (aq) <==> X2SO4 (ads) + 2NaCl (aq)              (2) 
 
X is structural unit group of ion exchanger, solid phases are underlined, and aq. 
means aqueous solution. [15 /5/] Ads. refers to adsorption, which means the retention 
of substance on the surface of another. 
 
Ion exchanger's exchangeable ion, cation or anion, breaks off from structural unit and 
replaces the ion, same sign, from solution. Ion from the solution then attaches to the 
structural unit. Ion exchange is usually reversible. After all exchangeable ions have 
been changed, resin becomes saturated. Regeneration means that resin is treated with 
solution including those changeable ions and they are changed back. In picture 3 
changeable ions are hydroxide (OH-) and hydrogen ion (H+), as in resins used in OL1 
and OL2 condensate cleanup system. After exchange the hydroxide and the hydrogen 
ion reacts with each other and form water. [15 /5/] 
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Picture 5. Ion exchange  
[http://www.tdsmeter.com/education?id=0009. Referred on 16.10.2014] 
 
OL1 and OL2 use powder resin, which provides also a mechanical filtration. Filters 
are covered with resin and inert. Small particle size and fast ion exchange kinetics 
ensure high purification with significantly high water flow through. Powder resin is 
also competing against bead resin by having such a large surface area. Resin covered 
filters are major issue to the plant. They purify ionic impurities as well as solid parti-
cles. Ion exchange is highly important for the plant, because it removes all the corro-
sion products and leaves behind clean water. [Append 1 /3-4/] Ion exchange resin 
also removes other ions like sodium and chloride and also eliminates radioactive el-
ements [16 /4-1/]. 
 
Used resin affects the plant's operations and costs in many ways, the cost does not 
come from the purchased resin only. There are also environmental impacts, due to 
radioactive solid waste that forms when resin is replaced. Resin replacement has to 
be carefully considered, due to its effects on plants efficiency, e.g. the purity of the 
water decreases over the time the resin is used and the amount of outlet water reduc-
es. Consequently, the selection of resin has to be evaluated closely, considering all 
the following aspects: Overall efficiency, resin prize, costs of disposal and use, envi-
ronmental issues, disposal of the waste, life time of the resin, resins impurity elimi-
nation capability, and chemical environment of the process.  [16 /4-1/] 
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3.3.1 Powdered Ion Exchange Resin 
 
In condensate cleanup system Resin A (1:1) and Resin B (2:1) resins are being used. 
Half of the filters have 1:1 resin and the other half have the strong cationic resin. 
These resins contain sulfonated styrene divinylbenzene copolymer as H+ (Picture 6), 
and styrene divinylbenzene copolymer with functional group of quaternary ammoni-
um as OH-. In picture 7 is anion exchanger where the OH- has been changed into the 
Cl-. 1:1 resin includes H+ 25% and OH- 25%, and 2:1 resin includes ~33% and ~17% 
respectively. Both of them have water content of about 50 % [Append 1] 
 
Picture 6 Sulfonated divinylbenzene [17 /12/]. 
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Picture 7 Quaternary ammonium, where the OH--group has been changed into the Cl-
[17 /12/]. 
3.3.2 Inert Material 
In precoating of the filter elements, inert material is used; it is put under and above 
the ion exchange resin. Inert material which is used in TVO's filters is Inert A. It 
does not take part in any chemical reactions. Inert material extends the filter cycle 
time by protecting the elements, decreasing the degradation of resin, and making the 
resin layer even so that the particles of resin do not shift away from the element. [18 
/27/] 
3.4 Rheology 
Rheology was invented in 1929, or actually the term rheology was first used then. It 
was used in the branch of science, which studied materials and how they deform 
when they are exposed to forces. Everything flows, but how the flow goes, depends 
on the affecting force, direction, magnitude, and time. This is the basic idea behind 
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rheology. Rheology offers quantitative parameters to measure complex materials and 
give them specific behavior. [19] Rheology was studied in this thesis because it is a 
study for fluid flow and particle movements. Characteristics of a spent ion exchange 
resin can be explained by the rheological science. Viscosity is a part of rheological 
studies. 
3.4.1 Viscosity 
Viscosity is a measurement of fluid behavior. It is a physical property of a fluid to-
gether with density, thermal conductivity, and molecular diffusivity. Viscosity de-
pends on temperature, pressure, and composition of the fluid. [20 /1/] Viscosity can 
also be defined as internal friction, this occurs when two parts of the fluid are mov-
ing with each other, influencing each other. Amount of the force needed to cause the 
movement is directly proportional to the friction; this movement is called "shear". 
There is shearing when fluid is physically moved or distributed, physical moving is 
defined as e.g. pouring, spreading, spraying, or mixing. Shear rate then is smaller 
when fluid's viscosity is lower and higher shear rate occurs when viscosity increases. 
Highly viscous fluids, therefore, require more force to move than less viscous mate-
rials [21 /15/] 
3.4.2 Particle Flow in Fluid 
Characters that influence on individual particles are composition, size, and shape. 
Density and conductivity depend on particle composition, if the particle is complete-
ly uniform. However usually particles are porous or the second material is blended in 
forming a continuous matrix by particles. Settling rate and surface area of particle 
depends on particle size. Particle shape can be regular or irregular, regular shapes 
might be cubic, spherical, or rectangular and irregular particles can be what shape 
ever like broken glass. [20 /1/] 
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4 OBJECTIVES OF THESIS 
4.1 Objectives of This Thesis 
The objective of thesis work was to find a solution to problems caused by spent ion 
exchange resin and the inert material, used with the resin. Bulk, that is produced 
from resin, inert material and washing water, causes blockage problems in pipelines. 
It also causes problems in final disposal, by needing too much bitumen to become 
fluidized after it has been dried. According to the start-up meeting the problem with 
the amount of the bitumen is that it takes room from other waste in the VLJ-
repository and disposal the radioactive waste is expensive. 
 
Bulk made from ion exchange resin, inert material, and water was studied with 
Brookfield's DV-E viscometer, and the aim was to find additive that would increase 
the movability of the bulk in the pipes, and at a same time would improve the dried 
material's characteristics. 
 
It was challenging to get the bulk to be realistic and to find the additive that is al-
lowed in the final disposal. During the time of this thesis the chemical suppliers did 
not offer any new additives to be tested. Thus the three polymers that were already 
accepted were used. Those polymers are used in water purification and with some 
ion exchange resins. Start-up meeting defined that the polymer would be able to be 
pumped into the process after storage tank, right before the pump. 
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5 PROCESS DESCRIPTION 
Used powderized ion exchange resin is flushed away from filters, the large amounts 
of used powdered resin comes from condensate cleanup systems (but also from reac-
tor water cleaning filters, feed water cleaning filters, and fuel tank water cleanup sys-
tem from OL1 and OL2 and interim storage water tanks' clean up filters), thus con-
densate cleanup system is the main process relating to the study of the thesis. Other 
processes that relates to the subject of the thesis are feed water system, flocculation, 
decantation, drying, bituminization, and final disposal. 
5.1 Feed Water 
The basic purpose of feed water system is to supply water into the reactor. In the 
simplest form of the feed water-condensate circulation the feed water is pumped with 
high pressure into the reactor, where it vaporizes in constant pressure into saturated 
steam, which continues into the turbines, where pressure is decreased and steam ex-
pands transforming part of the thermal energy into the mechanical energy, after that 
wet steam enters into the condenser and cools down. Saturated steam means that the 
steam holds as much water as possible. Wet steam stands for the steam, which holds 
some water droplets in it. [14 /1-2/] 
 
 Feed water circulation defines thermal efficiency of the plant. The most important 
thing for the efficiency of the plant from thermodynamic aspect is the temperature 
difference between the steam, vaporized from feed water, and condensate. The high-
er is the difference between the two is, the higher the efficiency of the plant. Adding 
pre-heater into the process before reactor can increase this difference. However the 
efficiency of the plant cannot be increased endlessly, there are different aspects that 
need to be considered. Costs of the process might become too high, or operational 
features can come in the way, and safety aspects are also very important to consider. 
[14 /1-2/] 
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5.2 Condensate Cleanup System, 332 
The aim of the condensate cleanup system, system number 332, is to purify the con-
densed water from corrosion products. Water is in the form of condensed steam that 
comes from turbines and has vaporized in the reactor. After cleanup the water goes 
back into the reactor as feed water. Condensate cleanup system includes seven filters, 
332C1-332C7 and all the filters contain 251 elements. Filters are connected parallel 
into circulation and resin trap is located after every filter. Pulverized ion exchange 
resin is used as precoat on every filter elements, precoating is not used on resin trap 
elements. 332C1, C3-C6 are twisted antioxidant-treated rods, and their nominal-pore 
size is 54µm. Filter 332C7 also has antioxidant treated and twisted rods, which nom-
inal pore size is 4µm. [22]  
 
The overall flow of condensate water is evenly divided between all seven filters. The 
divided flow through every filter is about 180kg/s per each filter. The flow of con-
densate keeps the ion exchange resin on filter elements, and the resin traps are back-
up system, in case some resin is washed away from the elements. Resin cannot end 
up into reactor. At the both plants, OL1 and OL2, the 332C7 filter differs from all the 
others, C7 filter is not precoated, unless a cooling water leakage is detected. [22]  
5.3 Demineralized Water, 733-water 
All the water in processes mentioned this thesis is demineralized water. System 733 
in TVO indicates demineralized water- distribution system. [23 /5/] 
 
The main function of the 732-system is to produce demineralized water and deliver it 
to the storage tanks, where the distribution system takes the water. This system has 
also pipelines to the OL3 technical ring. Before three ion exchange trains there is 
humus filter. One of the three trains is used at ones. After them there is mixed bed 
exchanger. After mentioned process machines the water flows through parallel cou-
pled osmosis equipments. There is a resin arrester for the ion exchange resin, which 
might go through the filter. Ion exchange train consist four ion exchangers. After the 
ion exchanger train the water's conductivity is 0,1 µS/cm and it is delivered to system 
733's tanks in OL1 or OL2. [24 /5,6/] 
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5.4 Backwash and Precoating of Filters, 332C1-7 
Condensate cleanup filters are backwashed after the pressure difference through the 
filter is increased into 1,6 bar. Filter C7 is backwashed after 21 running days or after 
the pressure difference increases up to 0,35 bar. Package of elements inside the filters 
can be changed, and they are changed when backwashing does not help to decrease 
the pressure difference. In Picture 8 the used rods can be seen, when they are re-
moved, and in pictures 9 and 10 are the new rods that are installed in to the filter. 
The age of the filter elements varies between 3 and 5 years. [22] 
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Picture 8 Old rods being removed, during the filter change [Saarimaa, 2010] 
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Picture 10 OL2's 332-filter rods being changed in 9.11.2010 [Saarimaa, 2010]. 
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Picture 9 OL2's 332-filter rods being changed in 9.11.2010 [Saarimaa, 2010]. 
 
Backwashing is done by pumping water into the filters from opposite direction than 
normal flow. Inert and resin falls off and it is pumped into a waste vessel T41 (T42). 
After the backwash, the filters are precoated again. Precoating is done with inert ma-
terial, Inert A, and Ion exchange resin, 1:1 or 2:1 strong cationic resin, Resin A or 
Resin B, respectively. First 20 kg of inert is mixed with water and then pumped into 
the filter. It goes on the surface of elements and stays there because the flow is push-
ing it against the walls. Inert protects the surface of elements and it blocks the pores 
of the elements, so smaller particles stays on the elements and do not go through the 
filter. The ion exchange resin is applied in similar manner, mixing 60 kg of resin 
with water and then pumped on the top of inert material. On the top of the ion ex-
change resin 10 kg of inert material is added which protects the resin layer, and thus 
the particles of the resin stay on the elements and do not flow around the filter. Ion 
exchange resin and inert material are pumped into the filter separately to form layers. 
[25 /2/]  
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Consumption of powdered resin in condensate cleanup system at OL1 and OL2 in 
year 2011 was 3880 kg. In year 2012 and 2013, the quantities were 3715 kg, and 
3840 kg respectively. In the same years the consumption of inert were 1890, 1830, 
and 1890 kg respectively. Cycle time, running time between backwashing, for filters 
were at OL1 approximately 68,01 days and at OL2 approximately 73,84 days in year 
2013. Filter C7 was not taken into calculations, because there is no ion exchange res-
in or inert material. [27] Consumption of resin (grey area) and inert (black area) in 
OL1 during the years 1988-2011 can be seen in picture 11. 
 
 
Picture 11 Yearly usage of inert and resin in OL1 [22] 
 
5.5 System 342 
The function of system 342 is to process all the radioactive liquid waste from con-
trolled areas. Water is processed so that it can be either reused in the plant or released 
into the cooling water channel. Release into cooling water channel needs low activity 
level at maximum 396 GBq (β and γ)/year [27 /28/]. Residuals from the system are 
transported into the 343-system to be transformed into a form that can be disposed. 
Ion exchange resin is one of the residuals from the system 342. [27 /7/] 
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There are 6 lines in the liquid waste management system. Line 4 in the system is for 
ion exchange resin, for powdered and granule resin. Line 4P is only for the powdered 
resin from 324 C1 (fuel tank), 332 C1-C7 (condensate cleanup system), and 342 
C11-C12 (excess water system). This line leads into storage tank T41 or T42. Stor-
age capacity of the tanks are calculated to be about half a year' worth of spent resin 
and inert. Line 4P is constructed so that the risks of blockages have been considered, 
e.g. pipe diameter sufficient, wide fittings, and gentle elbows. Line 4's instructions 
define the need of the flushing. [27 /9, 29/] 
5.5.1 Flocculation, Sedimentation and Decantation in 342 T41 (T42) 
The waste water from backwash is led into a storage tank from each filter. Tank is 
342T41 (or T42) with volume of 75 m3. Tanks are filled one by one, so that almost 
all short-lived radionuclides are decayed before transporting the bulk into the system 
343.  
 
In the storage tank the bulk sediments into the bottom. With flocculent (Additive A) 
the sedimentation  is enhanced.  Sometimes used ion exchange resin and inert mate-
rial bulk can stand in the vessel even for a year. [18 /27/] Sedimentation happens 
when gravitational force is acting on the particle with bigger strength than the fric-
tion force of surrounding fluid. Sedimentation depends on the particle sizes, height of 
the suspension, diameter of the vessel, concentration of the suspension, and possible 
additives. [20 /237-244/] Particles in the fluid might have a tendency to flocculate; 
the effect of flocculation is creation of flocks. Flocks are large lumps of joined parti-
cles. With appropriate additives this flocculation can be enhanced and speeded up. 
[20 /245/] As was discussed excessive addition of this kind of flocculent polymer 
could act opposite and actually disperse the particles. 
 
Clear waste water on the top of the tank is decanted away from the vessel and the 
bulk (consisting of ion exchange resin, inert material and water) is then pumped into 
the drying vessel. Decantation is started from the highest pipe fitting, from which 
moved step by step to lower pipe fitting as long as the over flow stays clear. Decanta-
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tion is controlled with bulk surface gauge and water surface is controlled from the 
screen and from the surface gauge. Bulk surface is also controlled by ocular, because 
the gauges cannot be trusted completely. Clear water is lead into the cleanup through 
the filters as overflow. [28 /3/] Additive A is an anionic flocculent and it is prepared 
from dry powder in the laboratory. It is added into the storage tank to enhance the 
sedimentation of the bulk. [18 /27/]. 
 
 
Picture 12 Tank 342T41/42 and their circulation pumps. [27]. 
 
To avoid blockages, circulation, as seen in picture 12, is used. Before pumping, pres-
surized air is pushed into the tank's cotton cone. After this appropriate valves are 
opened and P41 or P42 (pumps can be seen in the picture 12) is turned on. Decision 
to circulate the bulk is case-specific, thus the piping is easily blocked. [29] 
5.6 System 343 
Function of the system 343 is to receive all the solid waste from controlled areas. 
One of its purposes is to receive powdered ion exchange resin, dry it, place dry bulk 
and bitumen mixture into a 200 liter barrels, close them, and transport them into the 
storage. System is remote controlled, because the waste from controlled area can be 
contaminated and thus radioactive. System can be used when suitable amount of 
waste is gathered into the storage tank. [30 /6-14,20/] 
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Used ion exchange resin is active waste, which is disposed into the KAJ-silo. Bitu-
minization is used in TVO to immobilize the radioactive waste [17 /12/]  
1. 2.
3.
4.
5.
6.
7.
8.
 
Picture 13 Bituminization station of TVO. 1. Bitumen storage tank, 2. Bulk dryer, 3. 
Mixing tank, 4. Waste barrel, 5. Steam heater, 6. Trolley, 7. Activity measuring, and 
8. Pipe heating [17 /17/]. 
 
Storage tank 343 T3, refilling pump 343 P7, dispenser pump 343 P2, and mixer 343 
T2 are parts of the bituminization station. Storage tank and dispenser pump are locat-
ed out of the controlled area. Bitumen is mixed with dried bulk in mixer 343 T2. [30 
/11/] 
5.6.1 Drying 
Main components of the drying station are dryer 343 T1, ejector 343 Q1, condensate 
tank of ejector 343 T4, centrifugal pump 343 P1, screw mixer 343 A1, and heat ex-
changer 343 E1. Bulk that comes into the dryer is heated with steam and ejector 
sucks all the produced steam away from the vessel. The casing of the drying tank is 
heated up to 130ºC, which heats the ion exchange resin and inert bulk up to about 
110ºC. Otherwise bulk is dried with the help of heat and vacuum. [30 /7/], [31 /4/] 
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Often drying is the last operation for material, but with radioactive waste it has to be 
prepared for final disposal after drying. Drying in this case is the final removal of 
water. [20 /901/] 
5.6.2 Immobilization into Bitumen 
Radioactive waste that includes ion exchange resin is immobilized into bitumen in 
TVO's process. In this process dried resin is mixed with bitumen at high temperature, 
ratio should be about 1:1-1,5. Bituminization has many good features for disposal 
practice. Low porosity, low radionuclide leaching rate, high resin load, resistance to 
chemical and micro-organisms, and having a small volume are features to mention. 
[32] 
 
Bitumen is kept fluidized with proper temperature. The entire bitumen system is 
warmed, so that bitumen will not cool down and solidify into it. Bitumen tank is 
filled with nitrogen gas to prevent oxidation of bitumen. [28 /11, 12/] Amount of 
added bitumen is defined by practical experiment and by the activity level of dry res-
in, so that the barrel's activity level does not increase too high. After mixing bitumen 
and resin waste the mixture is spilled into the barrels, if it does not spill properly, 
more bitumen is added. Barrels are measured for activity level, and then carried, by 
strict regulations, into the VLJ-repository [31 /22-25/]. 
5.6.3 Filling Device, Transporting system, and Storage 
There are two handling places for barrels in this system, one for filling and one for 
closing. Transporting system includes a trolley, which transports barrels inside the 
system. When barrels are closed, activity level is measured as well. [30 /7-8/] 
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6 IMPLEMENTATION OF THE THESIS 
6.1 Laboratory Tests 
Laboratory tests were conducted in TVO's water chemistry laboratory. In this study it 
is assumed that the unused ion exchanged resin has same properties than the spent 
ion exchanged resin. This assumption is done because the real bulk might be too 
heavily contaminated and it is important in all cases to avoid every unnecessary radi-
oactive contamination. Further studies and calculations showed that the amount of 
iron in the spent ion exchange resin changes the composition of the bulk quite much. 
However, it was considered that if tests with clean ion exchange resin show any im-
provements in behavior of bulk, it could be tested in real process. Small scale filter-
ing test was conducted, with the aim to get some enriched resin without radiation for 
comparison purposes. 
6.1.1 Brookfield Digital Viscometer MODEL DV-E 
Viscosity is measured at given shear rates with DV-E Viscometer. It measures the 
torque that is required to move the spindel in the fluid. Torque represents the re-
sistance to flow of fluid. By changing size of the spindel different ranges of viscosi-
ties can be measured. When the spindel size increases, the drag of fluid increases as 
well and lower viscosity levels can be measured. Same result occurs if the spindel 
speed is increased. Measurement comes from spring deflection that comes from the 
fluids resistance to flow. Viscometers spring is calibrated and the spindel rotates 
through it, rotary transducer then gives torque of the fluid. Used units in SI-system 
are for viscosity mPa•s and for Torque Newton-m. [33 /5/] 
 
Viscometer's manual instructs that the torque % should be between 10 and 100, oth-
er-wise the result is not so accurate. To find out proper spindel and speed, a test sam-
ple, 500 ml bulk, was analyzed and torque percentages were detected. The bulk was 
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found out to be very low viscous, thus the biggest spindel and highest speed gave 
about 20-30% of torque, and hence they were chosen for analyzes. [33 /11/] 
6.1.2 Preparation of Pure Bulk  
The bulk, in the 342T41 (42) tank, is about 10 w-% of dry material, at maximum it 
has been 20 w-%, but that thickness is extremely rare. The real amount of pumped 
sludge, after decantation of pure water, is about 1000 liter. It was scaled to 5 liters for 
laboratory experiments, thus scaling was 200:1. Bulk was prepared according to [23], 
which is an instruction that is used in production scale when filters are precoated. On 
one filter element surfaces 20 kg of inert material and then 60 kg of ion exchange 
resin is pumped and still added on the top 10 kg of inert material. Moisture content of 
ion exchange resin is about 50 w-% and moisture of inert is about 2,9 w-%. Those 
numbers show that dry material of one filter is 30 kg resin and about 29 kg inert, so 
the ratio of dry material is then about 1:1 of resin inert, respectively. In process half 
of the filters have 1:1 resin and half of the filters have 1:2 resin. [34] 
 
The bulk preparation was started with measuring the amount of dry material in 5 li-
ters of bulk. 10 w-% includes 500 g dry material, and with the ratio 1:1 resin and in-
ert content is 250g dry resin and 250 g dry inert. Important aspect when calculating 
the amounts of the resin and inert for the bulk, was to take into consideration the 
amount of water content in them. Moisture content of resin was about 50 w-%, so it 
makes about 500g of resin, and 2,9 w-% moist in inert adds up to about 258 g. As 
mentioned before half of resin is 1:1 and half is 1:2 resin, so amounts are 250 g 1:1 
resin and 250 g 1:2 resin. These amounts of resin and inert were weighted and mixed 
with about 4,25 liters of water. In picture 12 there is 10 w-% bulk. Thicker, 20 w-%, 
bulk includes 1000g dry material, and it means about 1000 g resin, 500 g 1:1 resin 
and 500g 1:2 resin, and 515 g inert. However that much dry material could not be 
mixed with 3,5 liters of water to get total of 5 liters of bulk, the bulk was too dry to 
mixed in the laboratory gadgets. Therefore it was prepared by mixing the dry content 
with more water first and then waited until it settles, and after that the excess water 
was poured away. 15 w-% bulk was reached in about 30 days of settling, so that was 
36 
used as comparison for 10 w-% bulk. Bulk that thick could not be measured with the 
viscometer used in the laboratory, so it was only compared by visual estimation. 
 
 
Picture 14 The resin-inert bulk, 10 w-% of dry material. 
 
Additive A was prepared according to the instruction, but in smaller amount. Instruc-
tion shows how to prepare 5 liters of Additive A, however only 250 ml was prepared 
for laboratory tests. In 250ml of Additive A; 1,55g  Additive A-powder and 6ml of 2-
propanol was used. They were mixed up properly with water in a mixer for an hour 
[35 /4/]. Additive A was added in both thicknesses (10 w-% and 15 w-%) as in the 
real process. In the actual process, 5 liters of Additive A is used into the total volume 
of 40-50 m3. Same scaling, as before with the bulk preparation, was used, 200:1, and 
ended up with amount of 0,1 ml Additive A into the 5 liter of bulk. [35 /3/] Additive 
A was measured and added into the bulk and mixed thoroughly, then left to settle. 
6.1.3 Viscosity Tests of Bulk and Additives 
At first testing the measurement equipment, viscometer, and pure bulk was carried 
out. The suitable spindel for these tests was found by measuring the bulk and observ-
ing the torque percentages. If the torque was lower than 10 % it could be concluded 
that the measurement was not accurate. Torque can be varied by changing the speed 
or the spindel. For the test, speed was adjusted in 100 and the biggest spindel, which 
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measures the lowest viscosities, were chosen. The torque stayed between 15-30% in 
every measurement [37 /15/]. After this, ten consecutive measurements were con-
ducted with pure bulk. Readings were taken in 0-4 minutes and the test measure-
ments were done to see if weather the analysis be and repeatable. 
6.1.4 Additive A 
First additive to study was Additive A, it is an anionic polymer (Appendix 3). It is a 
same solution, which is used in tank 342 T41 (T42) for settling the bulk. The bulk, 
which is settled, comes from condensate clean up system and few other filters, which 
uses much less resin. The Additive A was prepared from the powder as mentioned 
earlier. A 500 ml sample, as homogenous as possible, was measured into an 800 ml 
plastic decanter, and then the sample was mixed well, and placed under Viscometer 
for measurement. At first pure bulk was measured two times, proper mixing was 
done between them. After those the certain amount of Additive A was added into the 
sample, mixed again, and placed under measuring equipment. Readings were read in 
15s, 30s, 45s, 60s, 75s, 90s, 120s, 150s, 180s, 210s, and 240s for every sample. 
Measurements with Additive A addition were conducted four or five times, within 
the specified time frame of 4minutes. 
 
The influence of 2,5ml Additive A addition was measured first, measurement was 
repeated five times. Second measurement was done 6 minutes after the first one, and 
third measurement 12 minutes from the first one, fourth was done 90 minutes after, 
and the last, fifth measurement, two hours after first one. Additive A was tested at 
the same practice for 5 and 10 ml addition.  
 
Tests were repeated for 2,5 and 5 ml. Tests were implemented so that the pure bulk 
was measured three time, mixed in between measurements, and after addition it was 
measured four times. Readings were written down in every 15 seconds. With both 
amounts of Additive A the measurement was repeated two times. 
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6.1.5 Additive B 
Additive B (Append 4) is a polymer that is used in waste water purification. It is used 
for flocculation of solid particles in waste water. Waste water includes some particles 
and Additive B is added there to increase the particle size of them, so they settle eas-
ier in secondary settling tank. [38 /34/] Additive B is cationic polymer [Appendix 4]. 
This polymer was tested because it was already in use and it has permission to VLJ-
repository.  
 
The measurements of the Additive B were implemented with 500 ml samples of pure 
bulk and 5 and 10 ml additions of Additive B. 500 ml of pure bulk, as homogenous 
as possible, was measured into an 800 ml plastic decanter. The bulk was measured 
three times, mixed well in between the measurements, and then Additive B was add-
ed, mixed and measured. Measurement was repeated four times; sample was only 
mixed well in between the measurements. Measurements were done with 5 and 10 
ml addition of Additive B. 
 
6.1.6 Additive C 
Additive C, which is polyacrylic acid (Appendix 5), has been used with some resins, 
which have been in used, but not nowadays. Additive C is used with resin to enable 
the right flock size. Bigger amount of Additive C will increase the volume of the 
flock and at the same time decrease the sizes of flocks. If the volume is small the 
bigger is the flock size. Bigger the volume of flocks of the resin is the smaller is the 
flock size of the resin and the better is the filtration capability of the resin. Although 
the bigger flock size will increase the pressure difference slower. [39 /2/] The Addi-
tive C was taken into measurements, because adding bigger volume the solution 
might give opposite results and acts as a dispergent. And it had already approval into 
the VLJ-repository. 
 
Additive C was diluted to 1:10 solution, because the dosage was small, and bigger 
amounts are easier to measure. Dosages in processes are estimated by experience and 
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laboratory tests. 10 ml of Additive A was measured into the graduated flask, and then 
the flask was filled up to the mark. The solution was mixed properly. 
 
The measurements with Additive C were done with 500 ml, as homogenous as pos-
sible, sample. Pure bulk was first measured three times to get the comparison for the 
addition measurements. After that the Additive C was added and the sample was 
mixed well. Next the bulk, where the Additive was added, was measured five times, 
mixed in between the measurements. Measurements were done with 2,5, 5, and 10 
ml additions. Addition to these one measurement with 15 ml of Additive C was car-
ried out, by three times of measuring the pure bulk and then four times after Additive 
C addition. 
 
The measurements with 2,5, 5, and 10 ml additions were repeated two times. In each 
of them the bulk was measured three times, and then after addition of Additive C the 
sample was measured four times.  
6.1.7 Drying Test 
After viscosity measurements small portion of bulk was placed in weighted porcelain 
evaporation dish. The dish and bulk were weighted also together. Then the dish was 
placed into the oven in about 105 ºC. Dish was weighted in to observe the rate of 
drying. One sample of every Additive was dried. The dried bulk was then observed 
with the help of metal spoon and metal funnel. 
6.1.8 Small Scale Filtering and Enrichment Test  
Small scale enrichment experience was conducted with feed water, which contains 
only small amount of tritium. Tritium is an isotope of hydrogen it is naturally occur-
ring, radioactive radio nuclei. Very weak form of radiation is emitted from tritium it 
emits low-energy beta particles. Radiation from tritium cannot penetrate the skin and 
it is stopped by the air in very short distance. Tritium is able to bond with water and 
forms tritiated water, which is radioactive and can penetrate human body through 
digestion. [40 /3-4/] 
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Glass column was filled with Resin A and Inert A, in the same order and scale as in a 
real filter. First 20g of inert was put in the bottom of the column, then 60g of resin in 
the middle of the column, and then again 10g of inert on the top of the column. Filter 
column was placed under the side tube of the feed water's sampling tube (Picture 
15,16, and 17) on 1.10.2014. [34 /2/] 
 
 
Picture 15 Enrichment test, Resin and inert were placed in a column, and feedwater 
flowed through it. 
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Picture 16 Enrichment test after one week, notice reddish layer, which appears be-
cause of the iron in the feed water. 
 
 
Picture 17 Enrichment test after three week. 
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The test was carried out on OL1 and the average iron content of the feed water, was 
0,14 µg/l between RX13-RX14 (meaning the time between annual outages of years 
2013 and 2014). Compared to condensate water, which included 5,0 µg/l during the 
same period of time, feed water iron content is really small. However this test was 
not implemented to get any material for testing, but to see what kind of changes the 
impurities does for the bulk. [41 /10,4/] 
 
The analyze that was done in chemistry lab, during the weekly analyzes, showed that 
the iron content was in OL1 feed water 0,3 µg/l [12] and the water flow through the 
column was measured to be about 1,6 ml/s. Thus the amount of iron, which should 
be trap into the filter, is about 41 µg/d. Therefore the column was planned to be left 
there for quite long time, although under control and regularly analyzed by visual 
estimations.  
6.2 Pilot tests at SAMK's Process Laboratory 
6.2.1 Flow Test with Centrifugal Pump 
The purpose of this test was to find out how the bulk acted inside the pipes and how 
the clocks are formed. First the bulk was pumped at a steady pressure after which it 
was then left for a while to settle. Small amount of bulk was prepared for centrifugal 
pump to test pumping properties. Centrifugal pump consisted of cone shaped con-
tainer, pipe going into the pump's suction side, pipe leaving the pump and going 
through one 90 degrees elbow, and one valve and finally back to the container. Pic-
ture 18 shows a simple schematic figure of the pump and its fittings. Two liters of 
water and 220 g of dry solid material were poured into pump's container. Dry solid 
consisted of 220 g of resin including the moisture content of about 50 w-%, half 1:1 
and half 1:2 resin, and 114 g inert material with the moist content of about 2,9 w-%. 
Before adding the solids pump circulated only water and solids were added little by 
little.  
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Picture 18 Schematic picture of a centrifugal pump. 
6.2.2 Flow Test with Hose Pump 
This part of the testing was carried out to see the changes in the flow of bulk after 
adding the additive, Additive C. Test was implemented with a hose pump and a plas-
tic barrel. Plastic barrel was filled with 40 liters of water and the pump was tested 
with it. Before starting to add solid material a mixer was placed into the barrel to mix 
the bulk. It was noticed, during addition of the solids, that one mixer was not enough 
and the bulk needed more powerful mixing. Thus another mixer was placed on the 
other side of the barrel, and so the bulk got properly mixed. 2,3 kg of inert material 
was added and 4,5 kg resins was also added, so overall dry solid content was about 
4,5 kg, in percentages little over 10 w-%. However when the pump was tested it got 
plugged, and water was added into the bulk to turn it thinner. 10 liters of water was 
added and so the bulk was about 8 w-% of dry solids. With this thickness the hose 
pump was able to circulate the bulk. The bulk was mixed measurement time. After 
measuring the flow of pure bulk, the Additive A was added, first 25 ml, then 25 ml 
more, and then 100 ml more, and finally 100 ml still more. The flow was measured 
after each addition for 3-4 times 2 minutes per time. 
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6.2.3 Funnel Test 
This test simulated the stimulate bulk flowing and settling. Volume of the funnel was 
about 2 liters and the diameter of the open end was about 5 cm. About one liter of 10 
w-% (dry) bulk was poured into a plastic funnel. The funnel's open end was blocked 
up with a cap. The funnel was left over night to settle. After uncapping the funnel, 
the flow was observed. The flow through the funnel's open end needed to be assisted 
with a metallic wire. 
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7 RESULTS AND DATA-ANALYSIS 
7.1 Laboratory Tests 
7.1.1 Viscosity Test 
First measurements showed that the bulk is quite unviscotic, thus the biggest spindel 
and highest speed were needed to get adequate results. Viscosity of pure bulk gave so 
high measurement uncertainty (Figure 1). Thus it was decided that really accurate 
measurements were not possible to carry out. So the accuracy, which is precise 
enough, was determined to be 1 mPas. Further investigation of figure 1 shows that 
deviation of results is larger after 1 minute of measurement time. This might happen 
because the bulk is settling more and more by time and the particles in the bulk are 
not evenly dispersed, thus the settling is individual for every sample. Some samples 
might include some lumps, which shows as higher viscosity and some samples might 
create more or less empty spaces between the particles, which shows as low viscosi-
ty. However that can be ignored because study is implemented for bulk, which is be-
ing pumped, therefore it do not have a lot of time to settle in the pipelines either. The 
first 45 to 60 seconds are most important and observing this time frame conclusion 
for this certain situation could be drawn. Measurement was repeated ten times to see 
how repeatable it is, and how it could be compared to other measurements. 
 
Viscosity is supposed to decrease in case of increasing the characteristics that are at 
issue. Lower viscosity fluids movability is higher in the pipes and they are more un-
likely to form blockages. 
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Figure 1 Viscosity measurements with pure bulk. 
7.1.2 Additive A 
Results, of the measurements of the Additive A, show no significant improvement in 
viscosity of the bulk. After adding the additive and during the mixing the bulk 
changed, it got smoother and stickier.  
 
Addition of 2,5 ml of Additive A decreases the viscosity little, however when ob-
serving the detailed figures from the measurements (Appendix 6) , the results show 
that the viscosity stays high for first minutes, and after few minutes of measuring it 
starts to decrease. This event does not fit in to the objectives of this thesis. Adding 5 
ml of Additive A gives the same event, which shows as high viscosity results at first, 
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1. 94 92 96 106 107 109 108 109 111 110
2. 93 93 96 105 106 109 110 114 112 108
3. 94 94 98 102 107 105 100 98 97 92
4. 98 102 101 101 109 110 110 106 107 111
5. 92 93 93 98 104 109 110 110 116 106
6. 92 97 99 104 103 110 111 112 106 106
7. 98 98 101 105 114 124 126 124 123 121
8. 94 94 99 108 122 131 124 128 128 116
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but after a while it decreases. 10 ml just made the bulk sticky and thick, and the test 
result complied with the visual estimation. 
 
 
Figure 2 Average values of Additive A additions, 2,5, 5, and 10 ml addition are 
showed in dependence of time, x-axis. 
7.1.3 Additive B 
Additive B seemed to turn the bulk smoother. However the results of the measure-
ments show that the viscosity only increased after addition. Measurements for this 
additive were not continued because the results were so clear, as can be seen in fig-
ure 3. Detailed results can be seen in Appendix 7. 
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Figure 3 Average values of Additive B additions 5 and 10 ml addition are showed in 
dependence of time, x-axis. 
7.1.4 Additive C 
Bulk, after addition of Additive C, seemed to be smoother and slicker. Results of the 
measurements (figure 4) showed the same, viscosity decreased in every measurement 
that was conducted. Any significant differences cannot be seen in between the 
amount of added Additive. Only the addition of 15 ml seems to be too high and it 
was shown even when mixing the bulk, because it got stickier and thicker. Although 
after 30 seconds it stabilized and decreases into a level of every other addition 
amounts. Appendix 8 shows all the results from the measurements with Additive C. 
 
As the figure 4 shows, the dosage of 2,5 to 10ml gives almost the same result in eve-
ry sample. Considering that the Additive C is diluted to 1:10, the real amount of Ad-
ditive C into 500 ml sample is 0,25-1,0 ml. That means 0,5-2 ml/l addition of Addi-
tive C per one liter of bulk. Detailed results are attached as appendix 8. 
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Figure 4 Average values of Additive C additions, 2,5, 5, and 10 ml (+ one measure-
ment on 15ml) addition Viscosity is showed in dependence of time, x-axis. 
7.1.5 Drying test 
 
Picture 19 Dried pure bulk. 
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Bulk with about 10 w-% of dry material was completely dry after about 21 hours. 
Pure bulk was electrical and stuck to the spoon (picture 19) and on the walls of the 
funnel. Bulk with any of the Additives did not show any differences in the behavior, 
in these analyzing methods.  
 
 Dish (g) Dish + bulk 
(g) 
Bulk (g) Date Time 
10 w-% 55,94 118,64 62,70 22.9.2014 10:20 
  95,50 36,56  14:20 
  62,04 6,1 23.9. 7:15 
  62,04 6,1  14:50 
  62,02 6,08 24.9. 8:00 
20 w-% 56,46 86,71 30,25 22.9.2014 10.20 
  66,28 9,82  14:20 
  62,56 6,1 23.9. 7:15 
  62,56 6,1  14:50 
  62,53 6,07 24.9. 8:00 
Table 1 Drying test with pure bulk. 
 
Table 1 shows the weighing results of the bulk. There was 62,70 g of the 10 w-% 
bulk in one dish. The calculated amount of dry material was about 6,2 g. The result 
of the drying test was 6,08 g, which was accurate, considering the nature of the sam-
ple material and homogeneity of it. 30,25 g of the 20 w-% sample was dried and 6,07 
g of dry bulk was left over. Calculated amount of dry was 6,05 g, which is really 
close to actual amount.  
 
Comparing to real dried bulk the pure dried bulk was electrical, cotton, and "puffy" 
and the real dried bulk was sandy, loose, and dark reddish. Do the error in this ana-
lyze can be considerable, because the real bulk includes significant amount of impu-
rities, which are changing the characteristics of the bulk. 
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7.1.6 Small Scale Filtering and Enrichment Test 
Column was taken away and emptied on 1.12.2014. Wet resin and inert were 
weighted and placed into the oven to dry. The wet bulk weighed 403,90 g (whole 
weight - empty decanter => 673,67 g - 270,25 g = 403,42 g). Calculated amount of 
dry material before enrichment was about 45 g. During the 61 days, which column 
were in the place, the calculated amount of collected iron could be 2,5 g (41 µg/d x 
61 d). Comparing this amount with the iron content of the condense water, which 
was 5µg/l. In condensate water the filter would have collected about 42 g iron [5µg/l 
x 0,0016l/s --> (0,008µg/s x 60 s x 60 min x 24 h) x 61 d]. 
 
After 24 h the bulk was dry (weighing results were the same two times in a row) and 
the weighing result was taken. The whole decanter weighed 327,06 g. The weight of 
the decanter was subtracted and the result was that bulk weighed 56,81 g. According 
to the calculations and moist content of the inert and resin the amount of impurities is 
about 12 g (57 g - 45 g). 45 g was the dry material that was placed into the column, it 
includes 60 g resin, ~50 w-% moisture, and 30 g inert, moisture content of 2,9 w-%. 
Increased weight is about 27 % and that is significant. Uncertainty of the measure-
ments is quite big though. Amount of dry material can be varying due to different 
moisture contents. Weightings were not conducted with high-resolution scale. The 
flow through the filter was varying. 
 
Some coloring occurred on the top of the inert, as can be seen in picture 20. Coloring 
appeared there during the first week. My opinion is that it is ferric oxide, Fe2O3, to be 
precise hematite, which is reddish.  
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Picture 20 Filtering test on 1.12.2014. 
7.2 Pilot Tests at SAMK's Process Laboratory 
7.2.1 Flow Test with Centrifugal Pump 
Water flowed easily through the pipes and even after the solids were added, the mix-
ture moved well. After noticing that the bulk flowed it was left to settle for a while, 
for circa 30 minutes. After the settling time the pump was started again, however the 
pipes were blocked, and nothing moved through them. The pipe fitting under the 
container was opened to get the bulk away. It flowed nicely from the middle of the 
container, but a thick wall of bulk was remained on the walls of container. After most 
of the bulk had flown out some of the bulk from the walls collapsed into the pipe and 
blocked it. The bulk was quite dry and did not mix with water easily and finally it 
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had to be dug up. The pipes were so severely blocked that the pump had to be dis-
mantled, but still it was hard to remove the bulk from the pipes. 
 
In my opinion reasons for these blockages were too small pipe, too stiff elbow on it, 
and too small conduit clip for the valve. To pump this kind of fluid, the process 
equipments need to be in accordance with that. It requires wide enough pipes, gentle 
elbows, wide fittings, no settling possibilities inside the pipes, and altogether nothing 
extra on the way. 
7.2.2 Flow Test with Hose Pump 
Hose pump also got blocked with the 10 w-% (dry) bulk. After adding water, the 
bulk flowed fine and steadily. When mixing was stopped and the bulk got to settle, 
even for a little while, it formed such a thick mass that the pump was not able to suck 
it.  
 
The flow was steady before addition of Solution A. It was measured four times and 
each measurement gave a flow of 2,5 l/min (see appendix 9). After each addition of 
Additive A the result was the same, steady 2,5 l/min. All the addition steps were 
measured three times. 
 
To me this shows that more water could be used for mixing the bulk, before pumping 
it to the dryer tank. Laboratory scale test results were not repeated in pilot scale. In 
the laboratory tests flocculent addition improved viscosity, but in the pumping tests 
Additive A did not have any influence on the results.  
7.2.3 Funnel Test 
The results of the funnel test were similar to the observation in the centrifugal pump 
test. There were thick layer of bulk on the walls of the funnel, and even the rest did 
not flow right through. A metal wire was used to mix the bulk in the funnel and some 
water was added by pouring it into the funnel to force the bulk to flow out. Bulk on 
the walls was dry, and as the bulk on the middle of the funnel was forced to flow 
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through, it only got dryer on the walls. It needed throughout mixing and more water 
to get the bulk out of the funnel, even with such a big opening. Picture 21 shows hoe 
the bulk flowed out of the funnel after mixing and adding some water. 
 
Mixing the bulk with water, from the same pipe as outlet of the bulk, is not neces-
sarily sufficient as the already settled bulk needs better mixing and maybe some wa-
ter dilution before it can be pumped safely through the pipes. 
 
 
Picture 21 Funnel test. 
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8 CONCLUSION AND DISCUSSION 
8.1 Consideration of the Results 
Objective of this thesis was to improve the characteristics of spent ion exchange resin 
waste so that it would flow better in the pipes and the dry waste would mix up better 
with bitumen.  
 
Further studies of this subject would need powdered ion exchange resin, which is 
enriched with impurities. Enriched resin would have same qualities and characteris-
tics than real waste bulk. Enrichment could be done e.g. with hematite, which is the 
main impurity in the process. 
 
Flow properties were studied with viscosity measurements, pumping tests, and set-
tling tests. Viscosity measurements gave encouraging results for Additive C. Addi-
tive C decreased the viscosity in every measurement just the way that was defined to 
be the best circumstances considering the actual process. The viscosity decreased 
immediately after mixing the bulk and stayed low for about 45 seconds, after which 
it started to increase to the level of pure bulk measurements.  
 
Viscosity measurement was not the best analyze for this kind of material but it cer-
tainly gave differences between samples. Thus the objectives of the measurements 
were reached. 
 
Tests with dry bulk did not give desired results; as a matter of fact they did not give 
any results. Better and more precise measurement methods needs to be developed to 
studies further the characters of dry bulk. 
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8.2 Discussion of Implementation in Plant Scale 
Additive C was the only additive that gave promising signs with viscosity meter. The 
dosage that decreased the viscosity was 0,25-1 ml/0,5liters of the bulk, that means 
0,5-2 ml/l of the bulk. This amount can be tried out in the process scale. This dosage 
means that 0,5-2 liters of additive is pumped into the 1000 liters of bulk pumped 
from storage tank into the waste management unit. Flow rate of the additive depends 
on the bulk's flow rate. 
 
Conclusion that can be drawn from this study is that the best way to avoid blockages 
is to add more water into the bulk and mix it well and thorough. Mixing should reach 
all the way to the tank's walls to decrease the possibility of the bulk gathering to the 
walls of the tank. This would prevent the sudden collapse of the dryer bulk to the 
bottom. Extra water will change the drying step of the process by adding the amount 
that needs to be dried. Drying would consume more energy due to increased volume 
of water to be vaporized. 
 
One solution to avoid the blockages would be a mixer into the tank 342 T41 and T42. 
The mixer would have to be the kind of which mixes the bulk thorough and reach all 
the way to the walls of the tanks. 
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Operational Safety Bulletin of RESIN B is about the same, so it is unnecessary to 
attach both of them here. 
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0:15 0:30 0:45 1:00 1:15 1:30 2:00 2:30 3:00 3:30 4:00
1. pure bulk 92 93 93 98 104 109 110 110 116 106 110
2. pure bulk 92 97 99 104 103 110 111 112 106 106 112
t0=0min 100 95 97 96 106 102 112 120 122 125 120
t1=6min 89 82 85 86 95 94 100 106 106 103 102
t2=12min 82 79 83 92 94 100 106 110 114 116 115
t3=90min 81 76 81 86 82 90 105 104 107 102 101
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0:15 0:30 0:45 1:00 1:15 1:30 1:45 2:00
1. pure 105 101 109 110 110 103 109 111
2. pure 101 103 98 105 103 107 113 118
3. pure 99 97 103 110 107 110 111 120
2,5 ml I 105 96 97 93 100 101 109 110
2,5 ml II 87 83 81 87 97 93 105 107
2,5 ml III 85 80 80 90 92 101 101 105
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0:15 0:30 0:45 1:00 1:15 1:30 1:45 2:00
1. pure 101 102 101 104 106 111 109 108
2. pure 110 109 105 108 110 111 116 115
3. pure 102 96 105 103 108 112 111 110
2,5 ml I 110 101 101 98 99 103 102 110
2,5 ml II 95 89 86 89 103 105 101 102
2,5 ml III 90 85 82 90 93 100 99 98
2,5 ml IV 93 89 80 82 89 95 100 101
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1. pure bulk 92 93 93 98 104 109 110 110 116 106 110
2. pure bulk 92 97 99 104 103 110 111 112 106 106 112
t0=0min 165 156 150 148 156 150 129 131 140 136 135
t1=8min 101 98 100 110 114 118 130 105 105 128 190
t2=16min 96 88 92 86 85 75 75 74 88 92 95
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0:15 0:30 0:45 1:00 1:15 1:30 1:45 2:00
1. pure 102 101 103 105 107 110 110 109
2. pure 92 93 98 108 111 115 120 115
3. pure 102 96 102 105 103 108 112 116
5 ml I 175 163 150 147 136 139 138 124
5 ml II 120 110 102 109 110 100 90 87
5 ml III 91 95 83 88 87 95 92 94
5 ml IV 92 90 87 92 105 100 105 105
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1. pure 97 95 99 101 100 105 110 117
2. pure 103 108 110 111 105 111 112 108
3. pure 100 99 98 101 105 108 110 112
5 ml I 150 145 139 130 135 128 130 119
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5 ml III 95 96 90 88 89 85 89 87
5 ml IV 89 91 85 91 94 93 90 95
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t0=0min 195 182 178 184 164 180 175 165 165 190 193 196
t1=8min 178 181 185 198 202 200 201 220 196 210 245 251
t2=36min 190 179 180 165 170 166 169 170 131 150 153 175
t3=120min 165 155 148 152 172 160 165 179 190 195 202 202
60
80
100
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140
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200
220
240
V
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]
Addition of 10 ml Additive A in 500ml 
sample
 APPENDIX 
7 (1/1) 
RESULTS OF ADDITIVE B 
 
 
 
0:15 0:30 0:45 1:00 1:15 1:30 2:00 2:30 3:00 3:30 4:00
pure1 92 87 86 90 91 94 94 99 99 100 101
pure2 97 93 95 102 106 108 112 118 115 114 106
pure3 93 85 90 84 86 88 85 91 93 95 92
t0=0min 92 89 99 105 110 106 108 110 112 108 106
t1=6min 92 89 99 105 110 106 108 110 112 108 106
t2=12min 111 108 105 104 105 110 106 107 105 109 108
75
80
85
90
95
100
105
110
115
120
125
V
is
co
si
ty
 [
m
P
as
]
Addition of 5 ml of Additive B in 500ml 
sample
0:15 0:30 0:45 1:00 1:15 1:30 2:00 2:30 3:00 3:30 4:00
pure1 93 96 92 93 95 97 99 102 102 105 108
pure2 98 95 85 92 93 98 100 97 100 102 99
pure3 96 93 97 100 106 110 112 115 116 118 112
t0=0min 100 110 108 110 110 109 104 102 102 98 100
t1=6min 90 96 101 104 101 106 106 105 102 100 98
t2=12min 95 96 98 100 102 101 104 107 104 101 104
80
85
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95
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]
Addition of 10 ml of Additive C in 500ml 
sample 
 APPENDIX 
8 (1/5) 
RESULTS OF ADDITIVE C 
 
 
 
0:15 0:30 0:45 1:00 1:15 1:30 2:00 2:30 3:00 3:30 4:00
1. pure bulk 91 85 85 90 89 89 92 89 87 86 86
2. pure bulk 90 98 98 96 95 96 93 88 85 84 85
3. pure bulk 90 88 92 96 98 99 102 106 97 96 93
t0=0min 70 70 69 71 84 90 92 86 116 98 88
t1=6min 73 72 78 82 90 100 91 103 93 90 79
t2=12min 75 69 74 75 79 81 81 88 101 102 101
t3=60min 71 68 74 85 84 94 106 97 98 100 94
t4=130min 75 75 79 80 92 91 96 109 115 110 105 110
60
70
80
90
100
110
120
V
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 [
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]
Addition of 2,5 ml Additive C (1:10) in 
500ml sample
0:15 0:30 0:45 1:00 1:15 1:30 1:45 2:00
1. pure 110 108 115 120 120 130 131 133
2. pure 108 112 124 129 137 140 139 142
3. pure 109 109 112 115 130 141 139 143
2,5 ml I 90 82 85 84 87 97 114 117
2,5 ml II 88 74 75 101 106 118 112 126
2,5 ml III 94 93 99 101 115 131 150 166
2,5 ml IV 91 89 98 118 120 131 140 151
60
80
100
120
140
160
180
V
is
co
si
ty
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m
P
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]
Addition of 2,5 ml Additive C (1:10) in 
500ml sample
 APPENDIX 
8 (2/5) 
 
 
 
 
0:15 0:30 0:45 1:00 1:15 1:30 1:45 2:00
1. pure 115 103 99 112 115 115 121 112
2. pure 110 112 115 116 112 114 120 115
3. pure 108 108 101 99 100 103 102 100
2,5 ml I 84 78 82 87 92 93 114 115
2,5 ml II 79 78 78 80 86 112 128 122
2,5 ml III 79 73 80 108 102 104 111 98
2,5 ml IV 80 73 77 76 83 94 105 110
60
70
80
90
100
110
120
130
V
is
co
si
ty
 [
m
P
as
]
Addition of 2,5 ml Additive C (1:10) in 
500ml sample
0:15 0:30 0:45 1:00 1:15 1:30 2:00 2:30 3:00 3:30 4:00
1. pure bulk 98 100 103 109 115 114 114 115 116 118 115
2. pure bulk 96 98 103 101 103 105 106 109 107 108 108
3. pure bulk 98 98 102 110 112 113 112 118 120 118 115
t0=0min 76 69 76 82 88 94 140 126 122 118 110
t1=6min 78 74 78 75 70 77 82 90 110 115 103
t2=12min 65 67 72 83 100 114 105 100 116 115 115
t3=60min 81 77 81 79 76 73 90 95 85 84 85
t4=120min 75 75 72 78 81 70 90 102 106 101 88
60
70
80
90
100
110
120
130
140
150
V
is
co
si
ty
 [
m
P
as
]
Addition of 5 ml Additive C (1:10) in 
500ml sample
 APPENDIX 
8 (3/5) 
 
 
 
 
0:15 0:30 0:45 1:00 1:15 1:30 1:45 2:00
1. pure 110 109 120 125 127 132 138 140
2. pure 114 123 115 121 122 129 130 131
3. pure 112 111 115 117 118 123 121 123
5 ml I 82 84 88 95 108 116 118 120
5 ml II 80 83 80 84 88 92 118 135
5 ml III 86 93 114 123 120 130 132 139
5 ml IV 92 80 87 99 100 105 101 96
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]
Additon of 5 ml Additive C (1:10) in 500ml 
sample
0:15 0:30 0:45 1:00 1:15 1:30 1:45 2:00
1. pure 101 90 97 106 110 112 110 112
2. pure 95 96 98 100 104 108 106 107
3. pure 92 81 93 102 108 112 109 120
5 ml I 80 77 71 75 79 99 120 127
5 ml II 78 76 73 74 86 94 108 122
5 ml III 76 74 80 81 80 84 80 78
5 ml IV 86 81 85 91 93 91 85 86
60
70
80
90
100
110
120
130
V
is
co
si
ty
 [
m
P
as
] 
Addition of 5 ml Additive C (1:10) in 
500ml sample
 APPENDIX 
8 (4/5) 
 
 
 
 
0:15 0:30 0:45 1:00 1:15 1:30 2:00 2:30 3:00 3:30 4:00
1 pure bulk 89 86 92 96 102 106 102 106 102 100 102
2. pure bulk 100 105 106 111 113 120 120 118 116 112 115
3. pure bulk 96 93 98 99 100 92 91 85 83 80 78
t=0 min 84 75 72 85 94 100 118 108 88 89 91
t1=6min 70 71 68 88 110 137 148 130 122 123 108
t2=12min 74 78 74 70 68 75 101 94 82 83 91
t3=60min 72 69 78 90 100 95 76 73 80 78 81
t4=120min 75 80 70 76 99 110 89 96 110 98 110
60
70
80
90
100
110
120
130
140
150
V
is
co
si
ty
 [
m
P
as
]
Addition of 10 ml Additive C (1:10) in 
500ml sample 
0:15 0:30 0:45 1:00 1:15 1:30 1:45 2:00
1. pure 106 101 103 97 98 98 96 100
2. pure 123 112 114 112 115 116 115 118
3. pure 116 108 112 119 113 120 117 115
10 ml I 85 82 91 94 95 100 112 115
10 ml II 86 85 88 105 94 98 120 114
10 ml III 86 89 89 102 85 92 96 102
10 ml IV 92 89 102 106 110 115 96 98
70
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]
Addition of 10 ml Additive C (1:10) in 
500ml sample
 APPENDIX 
8 (5/5) 
 
 
 
 
0:15 0:30 0:45 1:00 1:15 1:30 1:45 2:00
1. pure 106 108 110 113 114 113 110 115
2. pure 92 88 90 91 88 89 86 86
3. pure 106 105 110 112 117 114 109 108
10 ml I 81 71 76 79 100 109 120 117
10 ml II 85 82 85 87 79 75 96 94
10 ml III 81 80 79 89 90 107 110 110
10 ml IV 79 73 78 96 105 108 113 111
60
70
80
90
100
110
120
130
V
is
co
si
ty
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m
P
as
]
Addition of 10 ml Additive C (1:10) in 
500ml sample
0:15 0:30 0:45 1:00 1:15 1:30 1:45 2:00
1. pure 106 95 95 97 97 100 98 99
2. pure 109 110 111 114 112 112 115 116
3. pure 102 98 102 105 110 111 113 118
15 ml I 80 78 80 94 95 77 80 76
15 ml II 83 73 70 78 77 88 101 104
15 ml III 81 80 92 95 98 101 91 100
15 ml IV 85 80 91 102 104 107 116 125
60
70
80
90
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]
Addition of 15 ml Additive C (1:10) in 
500ml sample
 APPENDIX 
9 (1/1) 
RESULTS OF HOSE PUMP WITH ADDITIVE A 
Addition of 
Additive A 
I II III IV 
Without 24 s/1 l 
48 s/2 l 
24 s/1 l 
47 s/2 l 
24 s/1 l 
48 s/2 l 
24 s/1 l 
47 s/2 l 
25 ml 25 s/1 l 
49 s/2 l 
24 s/1 l 
48 s/2 l 
25 s/1 l 
48 s/2 l 
 
50 ml 
(added 25 ml) 
24 s/1 l 
48 s/2 l 
25 s/1 l 
48 s/2 l 
24 s/1 l 
48 s/2 l 
 
100 ml  
(added 50 ml) 
24 s/1 l 
47 s/2 l 
24 s/1 l 
48 s/2 l 
24 s/1 l 
49 s/2 l 
 
200 ml  
(added 100 
ml) 
24 s/1 l 
47 s/2 l 
25 s/1 l 
47 s/2 l 
24 s/1 l 
48 s/2 l 
 
 
Mean flow of the pump is about 2,5 l/min. 
